The copper-transporting ATPases, menkes and wilson disease proteins, have distinct roles in adult and developing cerebellum.
Copper is essential for brain metabolism, serving as a cofactor to superoxide dismutase, dopamine-beta-hydroxylase, amyloid precursor protein, ceruloplasmin, and other proteins required for normal brain function. The copper-transporting ATPases ATP7A and ATP7B play a central role in distribution of copper in the central nervous system; genetic mutations in ATP7A and ATP7B lead to severe neurodegenerative disorders, Menkes disease and Wilson disease, respectively. Although both ATP7A and ATP7B are required, their specific roles and regulation in the brain remain poorly understood. Using high-resolution imaging and functional assays, we demonstrate that ATP7A and ATP7B show cell-specific distribution in adult cerebellum, have distinct enzymatic characteristics, and are regulated differently during development. ATP7B is continuously expressed in Purkinje neurons (PN) where it delivers copper to the ferroxidase ceruloplasmin. ATP7A is a faster copper transporter than Wilson disease protein as evidenced by faster rates of catalytic reactions. The expression of ATP7A switches during development from PN to Bergmann glia, the cells supporting PN function in adult brain. Inactivation of ATP7B (Wilson disease protein) by gene knock-out induces a striking shift in the expression of the ATP7B target protein, ceruloplasmin, from PN to Bergmann glia, where ATP7A (Menkes disease protein) is present. The induced cell-specific change in expression restores copper delivery to ceruloplasmin via ATP7A. Overall, the results provide evidence for distinct functions of ATP7A and ATP7B in the cerebellum and illustrate a tight link between copper homeostasis in PN and Bergmann glia.